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introduction 

. HP<;ianed to measure pressure, tern- 

The Three-in-One Gage 1s a ^ ^ contihuously. The Two-ir-One 

- ""::;:7e:i: e'c presse. ae. 

Gage 1s a two-way ga e <1e 9 „y '' ' The 

same port continuously. The proximity sensor. The 

TO incorporate dual seals, ^oweve . w t ^ K thermo- 

Three-in-one Gage as shown in Figure ^ a„6 one wan 

couples, T Kulite pin body and seal was designed hy 

Proximity Displacement Sensor. 

Morton Thiokol, Inc. 


Toc+ina was completed 


0 Aiiaust 1988. 
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test objectives 


The objectives for this test are as and Two-in-One 

Gages to be accura e ^„^ee-in-0ne Gage to be 

. 2. verify tbe (0.020 in.). 

" "T1 alt calibration regains constant 
Verify pressure and displacemen ^,vp.0175. 

--ion ,,,,, font- 

Oetera,ine f the Thr p^33,e,e. 

tional follo«ing 150 percent 

« of thp Two-in-One Gage dual seals 
Determine performance 

motor hot fire environment. 

oeter^ine gage bursting pressure at ambient temperature. 


** 3. 


** 4. 


*** 5 . 


** 6 . 


*** 7 , 


3-0 i7c°F 

in fine Gaqe bursting pressure a 
nptprmine Two-m-One u g 


~^*Objltillplies to j°o_^n-One Gages. 

♦♦Objective Two-in-One Gage only. 

♦♦♦Objective applies to iwo 


TVJR-18519 lj!2h 

iiH T 
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APPLICABLE DOCUMENTS 


The latest revision 
specified herein. 

WTP-0175 

7U76436 

MIL-STD-45662 

SE-019-049-2H 

No Number 
TL'R-10163 

TWR-10161 


, the fomwins docu^nts ate appHcable to the exteot 

rhtee-in-One Combination Gage Development Test Plan 
Three-in-One Combination Gage 
Calibration Systems Requirements 

.11. Poctet Boosten Vibnatlon. Aconstlc and Shoot Oes.n 

and Test Criteria 

General Safety and Health Manual 

3,,,ty Plan Ton Space Shuttle Redesigned Solid Rochet 

Motor Project 

quality Plan for Space Shuttle Solid Rocket Motor 


revision 
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test summary, results. 


and conclusions 


test summary results ^ 

.e. ana L. pen^ on eacn. 

Table I. 7U76436 Gages Tested (WTP-0176) 


Dash 

No. 

-02 
*-03 
*-04 
*-04 
*-05 
-02 


Serial 

No. 

01 

01 

05 

07 

03 

04 


Vib Cal 


160 Percent 

Maximum [y 

Pressure 



Amb 

Burst 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


X 

X 


(Nonfunctional gage; no calibration charts) 


X 

X 


. rt tn vprifv structural integrity of 
A Random Vibration Test was per orme subjected to 6.9 grms 

Tbrlrorre^inrs^'^o" Te ;ibration test 1.000 psi was supplied 

■"» “ ■" rrr»c.». .... “■ 

of the pressure transducers w 

they remained functional. „,ibrated for displacement and 

Following the vibration, each « HlL-STD-45662 so no 

pcessure. Type K thermocouples are controlled by 

(dual seal configuration; 

SEC 

revision 


89181-1.7 



M orton TmoKOL Inc 

Space Operations 

• pd The gages were calibrated for pres 
temperature calibration ^ , y Labs and not Para 8.2.2 of 

sure according to Morton Thiokol accordance with 

WTP-0175. The proximity ,y „„,ton Thiokol Metrology Labs 

-a 3.2.3 " over^ tange oT 0.000 to 0.020 inch. 

using a 21-point calibrati , ^ ^ Gages measuring chamber 

Two 70-lb motors were fired temperature, ft CEC 

pressure and temperature „„ each 70-lb motor to 

5000 pressure trans Two-in-One Gages. 

verify pressure to cubiected to an ambient 

The 7U76436-04 S/N 07 to a 175°F burst test, 

burst test. The r^.d damaged electronics, but 

These gages were selecteo 
the gages were structurally m ac 

4.2 CONCLUSIONS objectives is stated 

Lr^-^rtirirre the results are discussed in detail is also 


listed. 


Objective 


5'S »•="“ 

to ±5 percent of l.OOU psi 
(full -scale) . 

2 Verity the displacement measure- 
scale) . 

• .. i-f thp Three-in-One 
4 Determine if tne inre ^ i-iq^. 

f„rirpercenrrtnhe maximum 
operational pressure. 


r.onclusion 

The maximum ^“J^g'^eft^aglrias 
f6!rpfrcent. which does not ^meet 
the requirement. Section 

,c ralibrated following 
Each gage ob^ctive 1 

vibration testing, u 
and Objective 2 above sat y 
Objective 3. Section 7.1 

All gages remained 

following the 150 percent of rate 

pressure test. 


TWR-18519 
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5. 


-"tar trf r:r.fnr 

qaqe dual 7n-lb 

environment using 
motor test. 


7 Determine Two-in-One ^^|op 
bursting pressure at 17b 


All swab sai"P'«| 

for the gage. Section/. 

The tested gaj ^1^- 

"rhnrsllng The gage showed no 
°fsibre eird^nce of leakage or 
damage (Figures 4 and 5). 

"oft ?00%sfftrm1n Sith: 

sure of 20.0UU p 
;f,,^ore=rvtnc^of^eakage or 
damage (Figure 3 ). 


4.3 REC0WEN04T10NS accurately 

Tde gages are reco-ended for use on f Oe considered 

measure temperature and pressure but disp 


use. 

Anomalies 

Damage to coil from installation. 
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INSTRUMENTATION 


instrumentation for this test “ *“sed in accordance with 

During calibration, laboratory standards 

MIL-STD-45662. 

an instrumentation functioned before and dunng e 


6 

photography 


• tpH of several still photographs documenting test set p 
::d"ref-in-o"n: Gage physical condition after structural and hot fire 


tests . 
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7 

test results and discussion 


7.1 VIBRATION TEST 

7.1.1 Introduce directions to verify the 

A random vibration test «as 3 „,jected to 1,000 ps1 

structural integrity of the gage • « vibration and pressure 

pressure and vibration loading to^simuJ^^P 

loading during static fir 9- „sed as specified in 

Figure 2. Flight vibration test criteria 

SE-019-049-2H and listed below. ^ 

20 - 50 Hz at 0.020 g /Hz 
50 - 150 Hz at +3 dB/Oct 
150 - 500 Hz at 0.060 g /Hz 
500 - 2,000 Hz at -6 dB/Oct 
6.9 grms for 6 minutes 

AOOl and A002 were 'f^^edTore was^terified by the T-53 

facility and the vibration criteria listed 

personnel . 

following vibration loading. 

-» 1 1 Rp<;iilts and Pi scussi oji ^ 

^^^he structural integrity of the gages 

The vibration test verifi loading No visible leakage occurred, 

maintain 1.000 psi during vibration loading. 
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Figure 2. Vibration Test Fixture 
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Space Opetaiions 

. thP nressure transducer and the proximity 
sensoMn^rarhThlTnir^^^^^ was verified by calibration and is discussed 
Tn" section 7.3 of this report. 

7.2 150 PERCENT MAXIMUM PRESSURE TEST 

7.2.1 IntroducT^ i 500 psi . which is 150 percent of the rated 

Each gage was pressurized o , * pressure transducer was 

pressure (1.000 JJ^^^^rif^^ that the pressure transducer remained 

recorded during this test to veri y 

functional . 

7.2.2 Objectives following test objective: 

The 150 percent maxvmo. pressure 

. petennine If tbe gage regains functional following 
the maximum operational pressure. 

-T " T nr-iilts fnri Discussion . 

- — ^wocciire test are contained 

fpe pressure traces during tbe „ \pe test anb all 

1„ Appendix B. Ml pressure transducers functioned 

gages returned to zero following the test. 

7.3 CALIBRATION TEST 

7.3.1 introduction ^ a 21-POlnt call- 

An ll-po1nt pressure calibration r performed according 

oration displacement callbra ion from^O^to 

to Morton Thiokol Metro ogy inadlno 

that they were functional after vibration 9- 

H ac listed below by Morton Thiokol 

Metror:r ‘-srrw:: recorded using 

1- ri tn the pressure transducer input and t P 

1. 5 Vdc was supplied to the p 

voltage was recorded. ^ 

2. The pressure was then pressure and gage 

to 0 psi in 200 psi increments. 

11 
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;rrr. 

calibrated in a range o aiihration over a range of ±10 mils, 

slightly in that WTP-0175 calls or c ^ to do. Since these 

which Morton Thiokol 1_000 and deflection data 

pressure data were accur P ,5 the ±5 percent 

accurate to ±6.7 percent o . ^ demonstrated, provided the 

accuracy repaired, -7;-;;:l=p:„ta, . The calibration was per- 
"1- Trohol Metrolopy tabs and these data were recorded us.np 

rr: » - ,»-» »" - - -- - 

recorded. ..lo •:« 

u u s. PI nnint calibration cycle in 

a. The tarpet was ^put voltape was recorded at 

0.002 in. steps. The PToxn y .pppment calibration was per- 

•r. :: r;r ;;“t. r» » »- 

bration over a range of ±0.010 inch. 

7.3.2 Ob.iectivgs 

The calibration test support the following test objectives: 

. £ 4wUp j^ree-i n-One and Two-m 0 

1 . verify the pressure measurement o , 

Gages to be accurate to ±5 percent of full 
2 verify the displacement measurement of the Three-, n-One age 
accurate to ±5 percent of full-scale (0.020 ,n.). 

y.3.3 

The calibration procedure was „ade on each 

Labs using an automated tes un, . ^ calibration sheets, 

transducer and documented on standard transducer 

» ^ r\ I \/i 


OOC NO. 
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The pressure transducer accuracy was The 

”‘::r::a:rdu::::r^^^^^^^^^ -cent or run-sea. w^ch does 

:rrrrr :eOu.e.ent or S percent or run sea.. 

It should be noted that °7anId''r'orrive calibration runs. The 

runs per device while the test p Design Engineer and 

change to three calibration runs was approve 

• y, fh 0 cdlibration tGSt. 

Project Engineer prior to tne 

7.4 70-lb MOTOR NUMBER ONE 

7.4.1 inmduction „„ed „n a 70-lb »tor. The two gages were 

A Pa^T or Two-in-One Gages were insta 

installed in a vent port. AC Two-in-One 

an adgacent vent port to verity pressure to the 

r as installed in a port to measure direct chamber 
One Two-in-One Gage was mst 

pressure. The installation procedure ca e 

to install the gages, except torque paint was not app 

gages had been torqued. 

oetailed gage installation locations and corresponding data plots 
be found in Appendix C. 

rs. ... - -» •• — » “"r:::.::::" 

o Determine the performance of the Two-m-One Gage 
working environment using a 70-lb motor. 

7.4.3 ResuUwnd^^ After the hot 

The 70-lb motor ballistic ,1" of the gages on the motor, 

firing, there was no evidence o ^ Two-in-One 

Swab samples verified no gas passe y g^sdocer/Adapter, or on the CEC 
Gages, the Endevco 8530B-1000 Pressure Transducer/ 

5000/Adapter. 
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Table II. 


70-lb Motor No. 


1 Ballistic Results 


Ambient Temperature 
Propellant Weight 
Nozzle Initial Diameter 
Nozzle Final Diameter 
Total Action Time 
Total Burn Time 
Burn Rate 


70° F 
74.4 lb 
0.485 in. 
0.614 in. 
82.54 sec 
81.45 sec 
0.381 in. /sec 


verify if the gages Two-in-One Gage in the chamber 

saw a maximum pressure of 60 psi , ^ 

pressure port saw a p, project Engineering 

From the results described above, 
to fire another 70-lb motor. 


7.5 70-lb MOTOR NUMBER TWO 

” ... ..,. 1 » » 

tained in WTP-0175. 

• nnp Gaqes were installed in vent ports with 
A pair of Two-in-One Gag Two-in-One Gage was in- 

CEC 5000/Adapter in an adjacen ven . The installation 

stalled in a port to measure direct " 
procedure contained in WTP-0175 was followed. 

Oetailed gage installation locations and corresponding data plot 

be found in Appendix C. 

7.5.2 Ob.iectivei ^hmprtive as 70-lb 

FO-lb «otor Number Two was fired to support the same test obgec 

Motor Number One as listed below. 
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^ t-ho Three-in-One Gage dual seals in 

, Oeter^ine the perfomance 

working environment using a 70-ib 

7.5.3 hot 

70-ih motor hailistic ,a,es on the motor, 

firing, there was no evidence o pressure 

The vent port saw a maximum pressur 

ports saw a maximum pressure P ■ ^ 53^5 Pressure 

At disassembly, the torque paint was 
gages were removed. 

7 6 BURST TESTS 

;=”i— 

possibl6. . M-9 

The 7U76436-03 S/N 01 Three-in-One Gage was 35 „i„ 

Before the burst test, t”" thri5-min soak time, the gage was re- 
guarantee a 175-F heat soak ‘ 3 „pjected to the 

„ved from the oven and installed in the 
burst test in accordance with WTP-0175. 

762 Objec tives 

The burT^^ere performed to support the following objectives: 

. g^ermine Two-in-One irf^g' pressure at 

° Determine Two-in-One and T 
ont tpmoerature . 


oocNo TWR-18519 Llgj 
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7.6,3 increased from 0 to 20,000 ps1. 

During the 175»F burst test then the pressure was re- 

A pressure of 20,000 psi was ,5 5^own in 

duced back to 0 psi. The pressu the 2-min hold period 

Figure 3. The periodic pressure ^^^t article, 

nere caused by a ^age. The tested gage showed no 

The leak was not caused by 
visible evidence of leakage or damage 

During the ambient temperature ur ^,5 then decreased to 

to 20,000 psi and held for 2 ambient temperature burst test is 

, ,i. The pressure trace oa^e verified no d^. 

chnwn in Figures 4 and 5. Visible P 




or leakage. 


Table III. 70-lb Motor No. 

Ambient Temperature 
Propellant Weight 
Nozzle Initial Diameter 
Nozzle Final Diameter 
Total Action Time 
Total Burn Time 
Burn Rate 


2 Ballistic Results 

70°F 
73.4 lb 
0.479 in. 
0.608 in. 
82.59 sec 
81.10 sec 
0.382 in. /sec 
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Figure 3. Burst Curve of 7U6436-03 S/N 01 
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Figure 4. Burst Curve 


Burst Pressure 28365.0 psig 
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0.00000 20.000 40.000 60.000 

Time (sec) 

Figure 5. Burst Curve of 7U76436-02 S/N 04 



Appendix A 
Calibration Data 






iG.G& k 


XiLltiX. 


.J31GG’ 



nMni4 34 





MORTON THIOKOL 

’gLl!!j-lriQ§G 

0) 




flANUFACTURER 


KOOEL t 


SERlk # 


DATe 

1000 Fi::;} 


NA 

POS 

4 ^ 9P>99 

1 V 

RANGE 


SL « / NODE 


excitatTon v.dc. 

KV/V 


ELECTRICAL 

LINEARITY 

HYSTERESIS 


SIMULATION 

1 OCiX* 

1 00 . 00 

so/:= 

0. 02 


#1 = 

0. 00 

80X=* 

80.01 

607.= 

0. 04 


#2 

0 . 0 1 

60X= 

60 . 00 

40Z= 

0.04 


#3 = 

0 . 00 

407.= 

40. 00 

207.= 

0. 04 


#4 == 

0.01 

207.= 

19.99 

07.= 

0.01 


.1 H 


'TC^ 
101539 1 


N 


DATE 


FIRING BAY 


NO. FIRINGS 


REMARKS 


.Xf!-?. s ?■> k- J G. G G - G ? .-.z, XSE?. XX. Gbi 


{!!l3RIQ!:J_IdlQl<QL 

HMUFWluRER 


ni{f{ k>43i>-62. 

l...ihj 

11QDEL I 


0 1 

SEft iAL# 





DATE/APPROVAL 


I 000 Ps; 

FAI^GE 


NA^ ^PDB 

sT i "7 hODE excitation V. DC . 


J. b M i ;4 V [)l 

iiv/y SENS./ «V/v SHUNT WQD, 


ELECTRICAL 

3IhKJI. AT TON 
#! 0.0 A 

H 2 • .. 0 I 

1^4 yj^Ol 


L I NEAR I TY H YSTERES I S 


1 0 0"; 1 0 V « 0 B G ’T - 0 .. ' > -T 

80:o== 80.. 01 •- 0 «g4 

^ )V=;: 60.. 00 4^~ ■ O,. '.>4 

40/..-- ‘‘lO,. (.‘0 2 .*/T .’4 

19, VP O- 01 


DATE 


F TROT 7 PAY 


ncj.. f-‘ ' n: 



0 R 16 INAL PAGE IS 
OF POOR QUALITY 



T~R^^^4Si3LJOEt:R: W O F-c S IHI E=I E: T I 


•:z.~?' i 


MFG. : MORTON THIDKOL 

MODEL#: -5— il ‘J T 8^-10 !* 7 O' 

SERIAL#: 01 
RANGE: 1000 PS I 

DATE: 06 JUL 88 

SL#: NA 

READOUT: 24158 
MODE: POS 

REF. STD: 16856 
SHUNTS: N MV/V 

INS.RES.>NA MEG GHM3 


N MV/V 

SHUNTS 

-ZERO 

/IF.S. 

SH/LIN 

ZERO= 

0, 000 

0 . 000 



#1 = 

0.000 

0. 000 

0 . 00 

0. 00 

#2 

0- 005 

0. 005 

0.01 

0.01 

#3 “ 

0 . 000 

0. 000 

0.00 

0. 00 

#4 

0. 005 

0 . 005 

0.01 

0.01 


TEMP. DEG. F = 74 
EXCITATION = 4.9999 V.DC 

SENSITIVITY = 15.140 MV/V 
POT OUT = 0.8720 MV 

CONVERSION FACTOR = 1.32103305 


LOAD 


RUN 1 RUN 2 RUN 3 AVERAGE AVE-ZERO 7. F.S. HYSTERESIS 


07.“ 

0.001 

0. 001 

0.000 

207.= 

15. 136 

15. 131 

15. 138 

407.= 

30.268 

30.279 

30.290 

607.= 

45.412 

45. 424 

45. 420 

80%= 

60. 561 

60.571 

60. 576 

1 007.= 

75.686 

75, 691 

75,720 

807.= 

60.572 

60.584 

60. 586 

607.= 

45. 443 

45. 450 

45.450 

40%= 

30 . 303 

30. 310 

30.316 

10%= 

15. .160 

15. 171 

15.1 62 

>%= 

0. 004 

0. 006 

0 . 007 

Y- A+8X+CX 

2 A=-2 

. 643E-03 

&=. 7570 

RR= 

. 9?9"9 

9973 



0. 

,001 

0. 

000 

0. 

00 



15. 

, 135 

15. 

134 

19. 

99 



30. 

,279 

30. 

278 

40. 

00 



45. 

419 

45. 

418 

60 . 

00 



60. 

,569 

60. 

569 

80. 

01 



75. 

,699 

75. 

698 

100. 

00 


.02 

60. 

,581 

60. 

580 

80. 

03 

0 

45. 

, 449 

45. 

449 

60 . 

04 

0 

.04 

30. 

. 310 

30. 

309 

40. 

04 

0 

.04 

15. 

. 164 

15. 

164 

20. 

03 

0 

.04 

0. 

. 006 

O. 

005 

0. 

01 

0 

. 01 

'99 

C— 

1.4E- 

-07 



1 

1 


■ * 








CALI 

tiRAT : 

' NC 

TECHNI 

C I AN •' 

c 

StAMP 













l*V/V SENS,/ NV/V SHUNT HOD. 



ELECT.-: I CAL 
S!r‘=.4 . • • - iL 
rf : 

.V ' \ 

' * 


; ifstEAFITV HYSTERESIS 

. . .• ' 807: O- 0‘2 

. : ; i '"Li 60Z " O- 04 

0.04 

. -..v' 20"v^= 0.^.*4 

. 'O'- o.. ro 


awaWAL PAGE iS 
GV POOR QUAUTY 



;fC- 


TRANSDUCER CALIBRATION WORKSHEET 


STC^S SHUNTS 

































































IdlQKQL^ 

MANUFACTURER 


Zy76436::05 

HODEl l' SERIAL I 


oZzilri^-^ 

'date /'approval 



!l!..ZrQ,..lQ 00 .^.P 3 I 

RANGE 


n/jt- — _F;Q'? 

SL I / « 3 DE 


..„5^yZ:;-'Z... 

EXCITATiON v.DC. 


12^2^2.. 

MV/V smj MV/V SHUNT MOD. 


ELECTRICAL 


LINEARITY 

HYSTERESIS 

SIMULA! iDK 


1007.= 

1 00 - 00 

80/1= 0- 34 

# 1 - c: 

' i. 

807.= 

79. 94 

o. 3 f.' 

#2 '.■> . '■ 

}■_[ 

607.= 

59.78 

40/:== O-fe-L 

#3 - o„f: 

'0 

407.= 

39-32 

20y.= 0.B2 

#4 O.C 


207.= 

19-33 

0.6/ 

FIRIN6 BAY 

T'’'ng7''f 

Trings : 

REMARKS 


JJ iM -? T-^ ?: J. £Z- SZ ' IFZ’ C; !0f L =:- JL Si* IL . AL U W ..... !E^ IZi t- O. . 


I!A':,Q!<QZ.. 

MANUFACTURER 

0 T O _ i OQ 

RANGE 


PS I 


7y76436 ■ 

* HODEL I 

/i/a 

SL # / . 10 DE 


POS 


~03 

seFal #' 


tJCHATIDN y.DC. 



£? 2 z-l. 

Iate/approval 


12^789 

m’v 7 v"sEN£./ MV/V SHUN" MOD. 


ELECTRICAL 

S ;! !•; _ !{ >1 ’! 0-; 

ti : - J. 

#2 T 

#3 =•• L'.. "iO 

"- ’ ., ^ 1 


linearity 


! OC‘3 

Pit'/ 


1 00 « Of 
79 - 9‘ 
39 „ :3 
39 . 5: 

•t Q 


HYSTERESIS 


; } • i " 


' /V ■ ■•• 


1 ■•■ *.'■■ 


V.) L ■■■' u « t) 


p I-. tijp; 


l-V h" ; ' 1 ( ■••. |- : 


OK(C««i*V . h 

OF POOf- 



3 


“TRr^lMSDLJCEFi WOf=2KSMEET 


^F> tz~y' 1 


MFG. : 

THIOKOL 

MV/V 

SHUNTS 

-ZERO 

^iF.S. 

SH/LIN 

MODEL#: 

7U76436-05 

ZER0= 

-0. 004 

0.000 



SERIAL#: 

-03 

#1 == 

0.005 

0.009, 

0.01 

0.01 

RANGE: 

0 TO 1000 PSI 

#2 = 

0.000 

0.004 

oiol 

0.01 

DATE: 

07-11-88 

#3 « 

-0.002 

0.002 

0.00 

0.00 

SL#: 

a/a 

#4 = 

0.001 

0.005 

0.01 

0.01 


READOUT: 
MODE: 
REF. STD: 
SHUNTS: 


24 158 
POS 
Zb79Z 
MV/V 


INS. RES. >1K 


MEG OHMS 


TEMP.DEG.F « 72 
EXCITATION »" 5.0000 V.DC 

SENSITIVITY = 12.789 MV/ V 
POT OUT = 0.9340 MV 

CONVERSION FACTOR = 1.56381132 


LOAD 

RUN 1 

RUN 2 

RUN 3 

AVERAGE 

AVE-ZERO 

y. F.S. 

HYSTEREJ 

07.= 

0.000 

-0.006 

0.000 

-0.002 

0. 000 

0.00 


207.= 

12.338 

12.365 

12.376 

12.360 

12.362 

19.33 


407= 

25.260 

25.273 

25.275 

25.269 

25.271 

39.52 


607.= 

38. 198 

38. 274 

38. 195 

38.222 

38.224 

59.70 


807= 

51.032 

51.260 

51.056 

51.116 

51. 110 

79.94 


1007= 

63.902 

63.964 

63-967 

63. 944 

63.946 

100.00 


807= 

51.290 

51.416 

51.290 

51 . 332 

51.334 

80.28 

0.34 

607= 

38.535 

38. 559 

38.542 

38.545 

38.547 

60.28 

0.50 

407= 

25.669 

25.713 

25.682 

25.688 

25.690 

40. 17 

0.65 

207= 

12.875 

12. 842 

12. 937 

12.885 

12.887 

20. 15 

0.82 

r/.= 

0.420 

0.432 

0.424 

0.425 

0.427 

0.67 

0.67 

Y=A+BX+CX 

2 A=-- 

112762 B=. 

631230999 C= 1. 

013E-04 


/Tc2 


RR* 


,999974814 


calibrating TECHNICIAN’S STAMP 


TFi/F^lsJSOLJCEErFC C3rF^L_ I E«FR:<=^Tr I ON FCEIOOFCT 


THIDKOL 

7U76436 

-05 

-03 


07-11-88 V 

NANUFACTURER 

MODEL f 


SERIAL I 


DATE/APPROVAL 

0 TO 1000 PSI 

m / a . 

PCS 

5.0000 

12. 789 

RAN8E 

SL t / MODE 


EXCITATION V.OC. 

«V/V SENS./ NV/V ! 

ELECTRICAL 

LINEARITY 

HYSTERESIS 

SIMULATION 

1 ooy.= 

100.00 

807 .= 

0-34 

#1 = 

0 . 01 

807 -= 

79 . 94 

607 .= 

0 . 50 

#2 = 

0 . 01 

607 .= 

59 - 78 

40/1 = 

0 . 65 

#3 = 

0 . 00 

407 .= 

39.52 

20 / 1 = 

0.82 

#4 = 

0 . 0 1 

207 .= 

19 . 33 


0 . 67 


TCC' 

016291 


OF POOR QUALfTY 






Z-isr4 'l:3 Xv 

A $ l.. .r < 

VZ L... I'l. 13 1-9: <!' t E i 

. ‘"‘t vi £ -.8.-. s ■ tJr-'i'T 

— 

TE-^TOKOi. 


7 U 7 6 ■ !!> 6 ““ 

■04 -07 

07-1 1 -as 


MANUFhCTUREi 


MODEL # 

SERIAL i 

DATE /APPROVAL 


*■-■' ) (”' ] 

PGl 



S „ O'0Y>' 

15. 220 


RANGE 


SL # / MODE 

EXCITATION 

V.DC. «V/V SENS.’/ m’v/V 




ELECTRICAL 

LINEARITY 

HYSTERESIS 



S I MULAT I GN 

lOOX- 100.00 

80%* "0-01 



#J - 

0- 00 

HOX= a0.02 

607“ 0. OO 



#2 

0 - 00 

607.= 60.02 

40/:= 0.. 01 



#3 

0- 00 

40» 40. 0.1 

207= -'-0.. 02 




0. 0:1, 

207= 19.. 98 

07= 0. 02 


DA r'r 

1 y - i h; 

ING DAY ! 

NO.. FIRINGS ! 

REHARKS"" 


— 

1 

1 

{ 

t 

1 

r 




/TCCX 

01639 

\STOM 


1... £!}>. tl S I> IJ €Z- r > 1:2 L.. X ]B! R: “T ■ J. 1^3 Ri l-^: f- - o F< T‘ 


ILll Q\:M: 

MANUFACTURER 


Z U Z i? Z' ™Z-' !!:!. 

HODEf f 


-- ij / 

serFal V 


/rcc\ 

/ Ol 639 1 

QZ::iirGg.......\sr4'> 

DATE/APPROVAL 


y._ IQ_.l ZyZ:.. L’g -j- 

RANGE 


AiA.W 

SL i / MODE 


EVciTATION"'vVjCr 


m'/V SENE./ MV/v SHUNT HDU. 


ELECTRICAL 

S I nULiZT I {jN 

# 1 »■ , r 


LINEARITY 


i 9 . 9E3 


HYSTERESIS 


U < , i.^r j ;■ 


hK':. i:Vi:-.-GE. 


OF POO« QU/vLilV 














I ^F=> 


± 

MFG.5 

THIOPCOL 

MV/V 

SHUNTS 

-ZERO 7.F. 

S. SH/LIN 

MODEL#: 

7U76436-04 

ZERO= 

8.000 

0.000 



, SERIAL# 

% ^ 

: -07 

. #l = 

8.001 

0.001 

0.00 

0.00 

' RANGE: 

0 TO 1000 PS I 

, #2 = 

8.001 

0.001 

0.00 

0.00 

: DATE: 

0 

1 

! 

00 

00 

#3 = 

8.001 

0.001 

0.00 

0.00 

' SL#: 

N/f> 

#4 = 

8.004 

0.004 

0.01 

0.01 


READOUT: 24 158 
MODE: POS 

REF. STD: 26793 
SHUNTS: MV/V 

INS.RES.71K 


MEG OHMS 


TEMP. DEG. F = 72 
EXCITATION = 5.0000 V.DC 

SENSITIVITY = 15.220 MV/V 
POT OUT = 18.1570 MV 
CONVERSION FACTOR = 1.31407771 


LOAD 

RUN 1 

RUN 2 

RUN 3 

AVERAGE 

AVE-ZERO 

7. F.S. 

HYSTERESI 

07-« 

7.999 

8.000 

8.000 

8.000 

0. 000' 

0.00 


207.= 

23. 198 

23.215 

23.200 

23.204 

15.205 

19.98 


40%« 

38.439 

38.456 

38.451 

38.449 

30.449 

40.01 


607-= 

53.669 

53.688 

53.674 

53- 677 

45.677 

60.02 


807.= 

68.875 

68. 909 

68.894 

68.893 

60.893 

80.02 


1007.= 

84.088 

84.112 

84.096 

84.099 

76.099 

100.00 


807.= 

68.873 

68.896 

68.900 

68.890 

60.890 

80.01 

-0. 01 

607.= 

53.668 

53.684 

53.668 

53 • 673 

45.674 

60.02 

0.00 

407.= 

38.416 

38.465 

38.437 

38.439 

30.440 

40. 00 

-0.01 

•^07.= 

23. 177 

23.200 

23. 184 

23. 187 

15. 187 

19-96 

-0.02 

7.= 

8.018 

8.018 

8.007 

8.014 

0.015 

0.02 

0.02 

Y=A+BX+CX 

RR= 

•''2 A=-8.90499999E 

.999999888 

-03 B=. 

761607999 

C= -4.83E-06 

(l836ll 

vgTDy 


CALIBRATING TECHNICIAN’S STAMP 


T HIO KOL ZUZ6436-04 rQZ 

HANUFftCTURER HODEL I SERIAL I 


RrER-OIRT 


eZriizii. 

DATE/APPROVAL 



0_IQ_1000_Pii_ V4_PQS 

RANGE SL I / NODE 


_5i0000 iii.220 

eicitation'v.dc. hv/v sens./ hv/v shunt hod. 


ELECTRICAL LINEARITY HYSTERESIS 


SIMULATION 

1007.= 

100. 00 

807-= 

-0 . 0 1 

#1 = 

0. 00 

807.= 

80.02 

607.= 

0. 00 

#2 = 

0. 00 

607.= 

60. 02 

407-= 

-0.01 

#3 

0. 00 

40/:= 

40. 01 

207 = 

-0. 02 

#4 

0 . (I) 1 • 

207.= 

19.98 

07.= 

0. 02 


OF POOR QUAUIY 


E__r < 1:- 


it.":*' 1 t "*'" , 


asj: 


dk‘?i.ION __1H I QKOL 

iiakjfactijr'er 


nu V<?43^:-d-4 

5L:.t!^....l..J!!Q^»i!'.. — .. 

’iioDEL'* 


05 

SERIAL i 


yroV 

{01629] 

07/06/aS_>s,g^/l,. 

’date/aFproval 


igpo.PBi, 

RAfiBE 


|\! / A,..._ PQS 

SL ♦ / NODE EIlITATION V.DC. 


3 .. 236 

PV/V 'SEKS./ f!V/V SHUNT HOD. 


ELECTRICAL 

LINEARITY 

HYSTERESIS 

SIhUL/ 

^iTIGN 

1 OF>V=-- 

1 00 . Or ' 

B07- 

-O. Oi 

#1 

0 , 00 

807-=^ 

79. 93 

<!*) V ■’ ^ ■ 

— u . '_‘5 

#2 

0. 00 

60/:= 

59. 95 

407= 

-0.05 

#3 = 

0 . 00 

40'/:~ 

39.96 

207=- 

-0. 08 

#4 = 

0 . 00 

207.= 

19.97 

07== 

—O. 04 


DATE 


F' I RING BAY 1 NfJ. F-ir-i;INGS 


RETNARKS 


0£^t==X]B!:>X?EXX£3r^l 


WQP;IQ!lJ_IbiBKQL-.: 

KANUFACTURER 


71/ 



HQDEL # SERIAL I 


Er?X-E:TQOX 


O / / 

DATE/APPROVAL 



IQQO^PSl 

raIise 


N/A PGil _4.?969 

1 l iThODE ' EXCITATION V.DC. 


I 7 j ^236 

HV/v SENS./ HV/V SHUNT MOD. 


ELECTRICAL 

5 I Mi ll H i M Yv 
#;i - ' H, 

#2 - 0 

IF 3 - On 

#4 =- 


LINEARITY 



HYSTERESIS \ 

K 



i »ATE ! f ;^hV F • F< I Moi 




<XU<Mt^\L JS 

OF POCR Qui.rrY 



T Ft tsj S E> LJ C E Ft 


r 

111 

Hi 

I 

01 

1 i^F> !2:o 

X 

MFG. : 

MORTON TH 

lOKOL 

MV/V SHUNTS 

-ZERO 

aF.S. 

SH/LIN 

MODEL t-^.- 
SERlAL#: 

T !vi 1 

■2rr 

ZERO 
#1 = 

= 0.001 
0. 001 

0, 000 
0. 000 




0. 00 

0 . 00 

RANBE: 

1000 PSI 


#2 = 

0. 000 

-0.001 

0-00 

0. 00 

DATE: 

07/06/08 


#3 = 

~0- 002 

-0. 003 

0. 00 

0- 00 

SL#: 

N/A 


#4 = 

0.001 

0. 000 

0 . 00 

0.00 

READOUT: 

24153 


TEMP 

.DEG.F = 74 



MODE: 

P03 


EXCITATION = 

4.9969 V 

.DC 


REF. STD: 

16056 


SENSITIVITY = 

13.236 MV/V 


SHUNTS: 

M9/V 


POT DOT ^ 2. 1860 MV 



INS- RES. 

>N/A MEG 

OHMS 

CONVERSION FACTOR = 1.5 

1200532 


LOAD 

RUN 1 

RUN 2 

RUN 3 

AVERAGE 

AVE-ZERO 

y. F.s. 

HYSTERES 

0» 

0.001 

-0. 002 

0. 000 

0 - 000 

0- 000 

0.00 


20X=--’ 

13. 164 

13- 223 

13.228 

13.205 

13. 205 

19-97 


4oy.=-* 

26.337 

26. 468 

26.474 

26.426 

26.427 

39.96 


60/:= 

39. 555 

39, 707 

39.690 

39,651 

39.651 

59.95 


SOL- 

52. 706 

52. 956 

52.947 

52.896 

52,897 

79.98 


1 oo>:= 

66. 044 

66. 170 

66. 197 

66- 137 

66. 137 

1 00 . 00 


BOX= 

52.801 

52. 910 

52.965 

52.892 

52. B92 

79.97 

-0.01 

A ~ 

39.526 

39,624 

39- 69: 

39. 614 

39. 614 

59- 90 

-0. 05 

4o:;= 

26- 322 

26. 419 

26. 448 

26.396 

26- 397 

39.91 

-0. 05 


.1 3 • i 33 

j 3. 161 

13. 171 

13. 155 

13. 155 

19.89 

-0. 08 


-0. 077 

-0. 008 

-0. 004 

“•0- 030 

-0. 029 

-0. 04 

-0.04 


.2l5E‘-r>3 

RR= - V97999904 


B-- 6601B2999 T- i . 223F-05 



CALlBRAi:iNG TECHNTCIAN^S STAMP 


E-i Q.:?aLr-.X^If<^:':iX 

yrccK 

. lOieso^ 



ELECTRICAL 

^rj IMUL s riG; ? 


L I N£ Awl 7 V 


H/3 TERc'SIS 




ORSQif^M. PAGu iZ 

OF POOR QUALITY 





F -- tJt — r r 


Milt5.1PN THIDKOL 

nflWFACTOfiEfi 


loop PS.T 
RANGE 


' IM ' t & 43 C >- o 3 

MODEL # 

N/A PCS 

SL i i MODE 


01 

SERfAL~# 

5 - 000 1 

ocrTftTioK vTrc .’ 


PZZ 26 / S 8 . 

oate/approval' 

2.510 


N 


HV/V SENS./ MV/V SHUNT MOD. 


ELECTRICAL 

SIMULATION 
#1 = 0„ 00 

#2 == 0 . 00 

#3 =•= 0.00 

tt 4 = ' 0.00 


LINEARITY 


HYSTERESIS 


1 00 %= 

1 00 . 00 

80 %= 

0 . 03 

80 %= 

79.99 

60 %= 

0-05 

60 %= 

59.98 

40 %= 

0.08 

40 %= 

39.96 

20 %= 

0 . 08 

20 %= 

19.96 

0 %= 

0.05 


DATE 


FIRING BAY 


NO. FIRINGS 


REMARKS 


- - XK £^ D 4 g 3 jDUCE^.R I Q 


MQBIQN IHIDKOL 

MANUFACTURER 


6 43 C ,~ 03 

5 .... [j j ... fh £j r 01 

MODEL ii StRlAL I 




0 / / OS / 8 S 

DATE/APPftOVAL 


>/tccV 

[ 01629 ] 


IQQQ PS I 
RAliiGE 


N/A PUS 

Sl ’T/ mode 


__ 5 ^ 000 £_ 

EXCITAYfoii'y.DC." 


I S -. Si.O N ^ 

HV/V SEKSJ Hv/V SHIiNrHDI^ 


ELECTRICAL LINEARITY 


S I HUL A7 I DM 

1 00%= 

i 'l>0 . or* 

^0 0..C0 

80% = 

79 . 9~' 

# . 0„ : 

6 % •=■ 

59.. 99 

#3 = C.. OC- 

4':>Vt=: 

39 .. 96 

#/f '*.,00 

2* >% 

.1. 9 .. 96 


HYSTERESIS 


A^V 


V-*.. 

0 . 03 

0 . 

O.. 08 


'j . 


DA ! P 


IR .[ N(.t 


riRINSS 


RpLtA ? A -; S 


PA ' J.iL iti 

Oe ^ POCK QUALfTY 



T Fi: |Ni S r> U c e; R: 

work: 

S5M!Ie:e: t 

I 


« 1 

MFG. : 

MORTON THIOKOL 

N MV/V SHUNTS 

-ZERO 

>:f.s. 

SH/LIN 

MODEL# : 

5-IhH-l GAGE 

= -0.002 

0. 000 



SE.RIAL#: 

01 

• 

#1 = 

-0 . 002 

0, 000 

0 . C'O 

0.00 

RANGE: 

1000 PS. I 


#2 = 

-0.004 

-0. 002 

0. 00 

0. 00 

DATE: 

07/06/88 


#3 = 

-0. 003 

-0. 001 

0.. 00 

0-00 

SL#: 

N/A 


#4 

-0 . 004 

0. 002 

0 . 00 

0 - 00 

READOUT: 

24412 


TEMP 

-DEG.F = 74 




MODE: 

POS 


EXCITATION = ! 

5.0001 V. 

DC 


REF.STDfc 

16856 


SENSITIVITY =12 

.510 MV/V 


SHUNTS: 

N MV/0 


POT OUT = 3.2470 MV 



INS. RES. >N/ A MEG 

OHMS 

CONVERSION FACTOR = 1,59866991 


LOAD 

RUN 1 

RUN 2 

RUN 3 

AVERAGE AVE-ZERO 

>: F.s. 

HYSTERESI 


0.000 

~0. 002 

0-001 

0- 000 

0. 000 

0. 00 


20X= 

12.482 

12.484 

12.487 

12.484 

12-485 

19.96 


40%= 

24.991 

24. 995 

24.999 

24.995 

24-995 

39-96 


60X= 

37. 506 

37. 516 

37. 524 

37.515 

37. 516 

59.98 


80'/.= 

50.019 

50. 034 

50. 043 

50- 033 

5u . 033 

79. 99 


100X= 

62.542 

62-557 

62-556 

62,552 

62. 552 

100. 00 


807.= 

50.035 

50. 057 

50. 065 

50.052 

50.053 

BO. 02 

0- 03 

607.= 

37.551 

37. 551 

37. 549 

37.530 

37. 551 

60. 03 

0.05 

407.:-- 

25.048 

25. 049 

25. 045 

25. 047 

25.049 

40. 04 

0.08 

20/:= 

12. 542 

12. 533 

1 2 . 530 

12.535 

12. 535 

20. 04 

0.08 

:»:= 

0 . 048 

0- 033 

0. 019 

U - 3 3 

0.034 

0. 05i 

, »05 

Y=A+E-t»C:X 

•^•2 A— 5. 1 

32E-03 

6247:2 

?2 5.83E: 

: -06 


/tcc\ 

RR= 

. 99999994 





[13232] 





. ■ 



\ST0S/ 





CALIBRATING TECHNICIAN'S STAMP 


r 1-^ iNjf <3 ii> I...I o lErZ i < ?::: 0 ^ l. i; t' :i o» »Ni /"■: ih r- o r: ’T 



ELEC T R I CAL L I NE Afi I T r r* f S : Ef<E 3 1 S 

SIMULA ] ILM OOLv- , q.,. .. O .* .v- O. 

# i •1.' . CO LCL • /■ ' ■ > ' ■ • 


iL .1 


OF rotIK 



Appendix B 

150 Percent Over-Pressure Test 


A01 8253a 



OVERPRESSURE TEST 

7U76436-02 S/N 01 



SnOAITIIW 


PRESSURE IN PSI 



OVERPRESSURE TEST 



(spuesnoqx) 
isd Ni aaHssaad 


TIME IN SECONDS 



OVERPRESSURE TEST 


0. 16C 



(spuBsnoqx) 
sQNfiod MI annssand 


TIME IN SECONDS 



OVERPRESSURE TEST 

7U76436-03 S/NOl 



snoAmiw 


PRESSURE IN POUNDS 





OVERPRESSURE TEST 



snoAmiw 


PRESSURE IN POUNDS 






OVERPRESSURE TEST 

7U76436-04 S/N05 


o 



(spuBsnoqx) 
saNaod Ni annssaad 


TIME IN SECONDS 


OVERPRESSURE TEST 

7U76436-04 S/N07 


o 



(spuBsnoqx) 
sQMaod MI anassaad 


TIME IN SECONDS 



OVERPRESSURE TEST 



snoAiniw 


PRESSURE IN POUNDS 








OVERPRESSURE TEST 



(spuBsnoqj,) 

saMiiod Ml annssaad 




Appendix C 

70-lb Motor Number One 


AO 18254 a 





CLEVIS 



KOOb 









TIME < SECONDS) 


SRM 70# MOTOR STATIC TEST S/'N 0000003 



CLOQro 


£LCO*-<<r 


TIME C SECONDS > 



SRM 70# 





CLCOt-^-I 




£LOG)iO 




TIME < SECONDS) 


SRM 7e* 



Q.OOVD 




SRM 70# 





tLO)»-«<E 


00 T 




Q.OQC0 


(Lcoi-^-o: 


SRM 70# 



<LO<9<h 









Q.(0*-4<I 


SRH 70« 





(LO)»-«<E 







SRM 70# MOTOR STj^iTIC TEST S^N 0 



a.o^fo 




time < seconds > 



SRM 





OLUU LL 


TIME < SECONDS) 




SRM 



iiOOfO 


OUJU LL 
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